Aim: To develop a simple and sensitive liquid chromatography-tandem mass spectrometry (LC-MS/MS) method validation for the quantifi cation of mevalonate (MVA), an endogenous compound responsible for synthesis of cholesterol in human plasma. Settings and Design: The method was validated and impended for application on human to study the concentration of MVA in plasma level after administration of atorvastatin (ATVS) individually and with combination to olmesartan (OLM).
INTRODUCTION
A method for estimating the cholesterol content of the serum low-density lipoprotein fraction involves measurement of fasting plasma total cholesterol, triglyceride, and high-density lipoprotein cholesterol c o n c e n t r a t i o n s w i t h o u t u s e o f p r e p a r a t ive ultracentrifuge. 1 Cholesterol can be analyzed routinely by gas chromatography (GC)-fl ame ionization detector without derivatization; however, other methods, especially high-performance liquid chromatography (HPLC) coupled with different detectors, can also be used. For research purposes, HPLC-ultraviolet/visible/ photodiode array detector with nondestructiveness is preferred. More advanced methods, such as GC/HPLCisotope dilution/mass spectrometry (MS), are primarily used for quality control purposes. 2 A simple and robust liquid chromatography (LC)-MS based methodology for the investigation of lipid mixtures is described and its application to the analysis of human lipoprotein associated lipids is demonstrated. 3 A new sensitive and specifi c nonradioisotope assay method to measure the activity of 3-hydroxy-3-methyl-glutaryl-coenzyme A (HMG-CoA) reductase, the rate-controlling enzyme in the cholesterol biosynthetic pathway. This method was based upon a stable isotope dilution technique by LC tandem MS using electrospray ionization in positive mode. 4 Proposal of a rapid and versatile reverse phase-HPLC method for assaying HMG-CoA reductase activity capable of monitoring the levels of both substrates (HMG-CoA and nicotinamide adenine dinucleotide phosphate) and products (CoA, mevalonate [MVA] , and nicotinamide adenine dinucleotide phosphate +) in a single 20 min run with no pretreatment required. 5 A simple, rapid, specifi c, and sensitive thin-layer chromatography method has been developed for the quantitative estimation of mevalonic acid in leaves of medicinal plants; Artemisia annua, Psorelia corylifolia, Vinca rosea, Withania somnifera and Barleria proinites. The assay procedure involved conversion of MVA to its lactone, mevalonolactone (MVAL). Mevalonic acid was extracted from the leaf tissues of plants. 6 The rate of cholesterol synthesis in tissues determines the concentration of mevalonic acid/MVA in plasma. 7 Urinary excretion of mevalonic acid was investigated as an indicator of cholesterol synthesis. The analysis of urinary MVA, either in 24 h collection or in a single morning sample, is an attractive method for evaluation of long and very short-term changes of the rates of cholesterol synthesis. 8 The main challenge in developing and validating a method for determining MVA in human plasma was that MVA is a polar, endogenous moiety that circulates in the blood stream at nanogram levels. In most methods, the extraction of MVA from plasma was carried out using ion exchange resins in the form of MVAL. 9, 10 A simple, specifi c, and suffi ciently sensitive LC-tandem MS (negative-ion electrospray ionization) methodology to determine mevalonic acid in human plasma is described, and its application to the analysis of rat plasma MVA levels after rosuvastatin administration is demonstrated.
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EXPERIMENTAL
Chemicals and reagents
The standard powder of 42147 -5 mg (R-S)-MVA lithium salt (lot. No. BCBJ74375) was obtained from Sigma-Aldrich (FLUKAR analytical, product of Switzerland), and the internal standard (IS), deuterated MVAL, was from CDN Isotopes. All solvents and other reagents were of Merck analytical grade. Control human plasma (heparin anticoagulant) for the preparation of quality control samples was obtained from a blood bank and stored at 70°C before use.
Instrumentation, chromatographic conditions and MS/MS condition
Instrumentation
The LC, Agilent 1290-column, Model G1316C (Agilent Technologies), Wellplate Sampler 1290-ALS, Model G4226A; Binary pump 1290-Bin Pump, Model G4220A; coupled to electrospray ion (ESI) mass spectrometer (MS QQQ).
Chromatographic condition
Chromatographic separation was carried on a Hypurity Advance, 50 mm × 4.6 mm column. The column was maintained at temperature 45°C. The mobile phase consisted of ammonium formate buffer (10 mm, pH 8.0, adjusted with liquid ammonia) and acetonitrile (30:70, v/v). The fl ow rate was 0.8 ml/min, and the total run time was 2 min. Maximum pressure of binary pump is 800 (bar) and maximum fl ow gradient is 100 ml/min. Compress solvent A (10-6 bar) is 50 and compress solvent B (10-6 bar) is 115.
MS/MS condition
The liquid chromatograph (Agilent 1290; Agilent Technologies, Inc., Palo Alto, CA, USA) was coupled to a MS QQQ with a ESI source and was used in negative ionization polarity with the following source settings. The ion transfer tube temperature is 350°C. The nebulizer gas is Nitrogen and pressure is 50 p.s.i. The collision-activated dissociation Helium gas pressure was 5 p.s.i., the capillary voltage was 3000 V and + 4000 V. Fragmentation potential was 80 V; entrance potential was 10 V; collision energy was 10 V. The multiple reaction monitoring pair monitored was m/z 147→59 for MVA and m/z 154→59 for D7-MVA, with a dwell time of 100 ms. The autosampler cooler was maintained at 10°C. Analyst software (MassHunter) was used for data registration and calibration.
Preparation of calibration standards and quality control samples
The calibration standards were prepared by spiking human plasma with standard MVA with corresponding IS (MVA-D7) to obtain resultant concentrations of 50, 100, 200, 400, 600, 800, and 1000 ng/mL. The developed method was validated using three different quality control samples by spiking MVA in human plasma at 50, 400, and 1000 ng/mL to represent low quality controls (LQC), middle quality controls (MQC), and high quality controls (HQC), respectively.
Sample extraction procedure
Samples were thawed in water. Plasma aliquots of 500 μl were added to a glass tubes contain IS (100 μl, 200 ng/ml), 0.1 N HCl (1 ml), and water (0.5 ml); the tubes were than vortex-mixed. The sample solution was keep aside for 30 min to convert MVA to MVAL. Each sample solution was individually transferred to a solid-phase extraction cartridge that had been preconditioned with methanol (1 ml) followed by 0.1 N HCl (1 ml). Each cartridges was washed with 0.1 N HCl (1 ml) followed by water (1 ml) and 15% methanol in water. The cartridges were allowed to dry. The analytes were eluted with 3 ml × 0.5 ml of methanol. The resulting methanol extract solutions were evaporated to dryness under a stream of nitrogen at 15 p.s.i. and 40°C bath temperature for 15 min. The residues were reconstituted in 0.2% ammonium hydroxide solution (100 μl) to convert MVAL to MVA. Aliquots of 10 μl were injected into the LC-MS/MS apparatus for analysis.
Method validation
Selectivity and specificity
MVA is an endogenous compound present in humans, as a part of specifi city studies plasma devoid of MVA was obtained from patients suffering from Addison's disease, which are having no circulating MVA in them. The obtained plasma sample was processed by the solid-phase extraction procedure. The samples were chromatographed to determine to which extent endogenous plasma components may contribute to the peak interference at retention times of MVA. Furthermore, the eqi-volume of spiked plasma of standard MVA and MVA D-7 (IS) represent the exact location of peaks and ratio of extracted MVA from plasma with this methodology.
Linearity
Calibration curves were prepared by adding a known amount of MVA as well as MVA-D7, IS (50, 100, 200, 400, 600, 800, and 1000 ng/mL) to 0.5 mL of blank plasma. The samples were extracted as described previously. The standard curves were constructed by plotting the peak area ratio of MVA standard concentration and of MVA D-7 (IS) upon X-and Y-axis concentration ranges. Linearity was assessed by observing the values of the coeffi cient of correlation (R 2 ) of linearity plots, nearness of values near to one suggested linearity of responses. Furthermore, the linearity of each standard curve was confi rmed by plotting the peak area of MVA. The unknown sample concentrations were calculated from the weighted (1/x 2 ) linear regression analysis of the standard curve.
Precision and accuracy
Inter-and intra-day precision studies were done by injecting quality control dilutions (50, 400, and 1000 ng/mL) as described earlier (n = 12) in developed chromatographic method. Peak areas were calculated for % relative standard deviation (RSD) values.
Extraction recovery
To calculate recovery of the extraction procedure, 12 replicates of quality control samples of MVA (50, 400, and 1000 ng/mL) were extracted and analyzed. The peak area was compared with the same concentrations of unextracted standards of MVA reconstituted in methanol.
Stability
In bench top stability, 12 replicates of low and high quality controls of MVA (50 and 1000 ng/mL) were analyzed at 0 and 6 h at room temperature and the deviation was calculated. In freeze-thaw stability, 12 replicates of low and high quality control samples of MVA were prepared, frozen at −20ºC and analyzed after two and three freeze-thaw cycles. Long-term stability was examined for 14 days by taking 12 replicates of high and low quality control samples. The mean concentration was taken into consideration, which was compared with 0 day sample concentration.
Limit of detection (LOD) and limit of quantitation (LOQ)
The LOD and LOQ were determined by injecting progressively low concentrations of the standard solution under the chromatographic conditions. LOD and LOQ were calculated directly from the calibration plot. LOD and LOQ were calculated as 3.3 σ/S and 10 σ/S, respectively, where σ is the standard deviation of intercept and S is the slope of the calibration plot. The LOD was defi ned as a signal-to-noise (S/N) ratio of 3:1 and the LOQ was defi ned as an S/N ratio of 10.
Study design
The study on human volunteers was carried under approval of Ethics Committee "HURIP Independent Bioethics," Ibrahimpur Road, Kolkata, India. The study was performed along with patients consent and under the supervision of the doctor. Twelve hypertensive patients aged between 21 and 30 years, noninfected, not under any antibiotics, steroid and other medicines therapy for a month, except specifi c cardiovascular drug provided by experts for this study. The patients were routinely supervised and also prescribed with a single category of medicines i.e. olmesartan (OLM) and atorvastatin (ATVS), according to their therapeutic regimens.
The collection of blood plasma was basically done 3 times per individual for 7-14 days in the fi rst stage without any drug administration. Secondly, along with a combination of OLM + ATVS and thirdly with only single hypertensive drug i.e. OLM. First stage was for 1 week in which the patients were devoid of any antihypertensive drugs. The patients were evaluated for demography and measurement of BP followed by withdrawal of blood to quantify the levels of MVA.
RESULTS AND DISCUSSION
Method validation
Selectivity and specificity (matrix effect)
Blank plasma obtained from patients suffering from Addison's disease was used for studies. The plasma was used to mark any endogenous interference. A representative chromatogram of the plasma blank is shown in Figure 1a . No additional peaks of endogenous substances were observed. Figure 2a shows the chromatograms of calibration standard containing MVA spiked in plasma with MVA D-7 (IS). 
Accuracy and precision
Method performance was evaluated as accuracy and precision as shown in Tables 1 and 2 , determined by 12 replicate analyses for MVA at three concentration levels, i.e. LQC (50 ng/mL), MQC (400 ng/mL) and HQC (1000 ng/mL), each on the same analytical run. Inter-assay precision and accuracy were calculated after repeated analysis in three different analytical runs. Results concluded the repeatability of the method, including both sample processing and chromatographic measurement. Recovery Figure 1a: Liquid chromatography-tandem mass spectrometry trace of mevalonate in human plasma (blood plasma sample) of hypotensive patient results were subjected statistically analysis and % RSD were recorded. The % RSD is a ratio of standard deviation to mean in percent. % RSD values were small indicating good accuracy of results. Inter-and intra-day results also were good as the % RSD values were low.
Extraction recovery
Extraction recovery of MVA was determined by comparing peak areas obtained from extracted plasma samples with those found by extracting blank matrices through the extraction procedure and spiking with a known amount of MVA. The results showed that the mean extraction recovery of MVA was >85% at three different quality control such as LQC, MQC, HQC, respectively (Table 3) .
Averaged for 12 measurements at each concentration level (n = 12); % recovery = (response of extracted spike)/(response of post-extracted spike) × 100.
Stability
In bench top stability, six replicates of LQC and HQC of MVA (50 and 1000 ng/mL) analyzed at 0-6 h at room temperature resulted in recovery in acceptable ranges, at 0 h the recovery of MVA from plasma was 98.4% for LQC and 101.7% for HQC, whereas after 6 h the extraction recovery of MVA was 95.3% for LQC and 100.9% for HQC. The recovery of MVA for freeze-thaw stability studies was found to be within the limits as per the guidelines. For LQC sample mean recovery for second and third freezethaw stability cycle were 98.3% and 96.8%, respectively, for HQC samples the mean recoveries for second and third freeze-thaw stability cycle were 103.4% and 103.2%, respectively, which were well inside the acceptable ranges as per the guidelines (i.e. ±15%). Long-term stability results for extraction recovery of LQC and HQC samples resulted in acceptable recoveries concluding the method suitable to stability studies for long periods.
Sensitivity studies (LOD and LOQ)
The method was confi rmed for sensitivity by estimating LOD and LOQ. The method exhibited excellent sensitivity by demonstrating LOD of 0.97 ng/ml and LOQ of 2.33 ng/ml.
Application of the analytical method in pharmacokinetic studies
The developed LC/MS/MS method for quantifi cation of MVA in plasma was applied for the drug interaction study in hypertensive patients under the antihypertensive drug therapy. Blood was collected after dosing thereafter immediately the blood pressure was observed in lying posture for same individual patient in three stages and similarly with the rest of the volunteer (patients). Table 4 shows that there were signifi cant reductions (P < 0.001) in the blood pressure of volunteers with OLM when compared to without treatment stage.
The plasma concentration of MVA was calculated in the hypertensive human volunteers by using given developed method. There were signifi cant decrease (P < 0.001) in the level of MVA in ATVS + OLM treated stage when compared to the without treatment stage in human volunteer. Whereas the concentration of MVA in the OLM treated stage was lower than the detection limit as shown in Table 5 .
CONCLUSION
The present study was undertaken to develop a sensitive method for quantifi cation of MVA in human plasma. The developed LC/MS/MS method was validated in accordance to guidelines and confi rmed to be specifi c, selective, linear, accurate, precise, and sensitive. The method exhibited acceptable recovery from spiked plasma samples also the method was proved to be sensitive demonstrating excellent LOD and LOQ levels of 0.97 ng/ml and 2.33 ng/ml, respectively.
The validated sensitive method was applied for pharmacokinetic studies to quantify the levels of MVA in human volunteers under therapy of ATVS, OLM, and combinations of both. The study concluded that the concentration of MVA in human volunteers treated with ATVS + OLM was similar as that of OLM treated hypertensive human volunteer, and thus the cholesterol synthesis on both cases are same nearly, although the physiological characters revealed a decrease in blood pressure of OLM treated patients as compared to ATVS + OLM treated ones. Thus, the present study concludes, failure of combination therapy for fulfi lling the objective of synergistic activity, compared to individual drug treatment (Figure 3) , even though the level of Cholesterol synthesized equally in both sides by its factor MVA in eqi-quantity. 
